The electrophoretic determination of RNA size by Northern blot analysis is an important procedure that has required to date the use of radiolabelled cDNA and cRNA probes. Here, we describe a new method which allows the size of an mRNA to be visualized by use of oligonucleotide probes directly labelled with alkaline phosphatase (AP). One advantage compared to radiolabelled probes is that AP-labelled oligonucleotides are stable at 4°C for up to 4 years without any loss of enzyme activity. In addition, once a membrane has been hybridized with the AP-labelled oligonucleotide, an mRNA signal may be obtained within 4 hrs following stringent washing of the membrane. Existing procedures that employ radiolabelled cDNA and cRNA probes require prolonged exposure of the membrane to autoradiography film to obtain a signal, especially if the radioisotope 35 S is used. This exposure time may be shortened somewhat if 32 P is used to label the probe. However, many laboratories avoid the use of 32 P because of the health and contamination risks involved and the short half-life of the isotope. The use of enzyme-labelled oligonucleotides for Northern blot analysis overcomes these problems. RNA isolation and separation: Total RNA (20 /tg) was isolated from fresh frozen human cerebellum (1), size separated electrophoretically under denaturing conditions in a 1 % agarose/0.66 M formaldehyde/ethidium bromide/MOPS gel and blotted onto Hybond-N membrane (Amersham Int.) with 5XSSPE. Detection of an mRNA on a nylon membrane: An oligonucleotide (30 mer) complementary to part of the human calbindin cDNA sequence (2) was synthesized (3). The membrane was incubated in prehybridization buffer (4XSSC/1 xDenhardt's solution/250 /ig ml" 1 denatured salmon sperm DNA/0.1% SDS) for 16 hrs at 50°C and then in hybridization buffer (prehybridization buffer with the addition of 10% dextran sulphate) containing 3-5 nM of AP-labelled calbindin oligonucleotide for 18 hrs at 50°C. Finally, the membrane was washed stringently (1 xSSC, 55°C for 2 hrs), then incubated in Buffer 1 (0.1 M Tris-HCl/0.9% NaCl pH 7.4) for 1 hr at room temperature, followed by a 10 min. rinse in Buffer 3 (0.1 M Tris-HCl/0.1 M NaCl/0.05 M MgCl2 pH 9.5). Colour development was initiated by adding the AP substrates (NBT 340 /tg/ml and BCIP 170 ^g/ml) to Buffer 3. The membrane was left in the dark for up to 4 hrs to allow the development of the insoluble purple AP reaction product. The intensity of the mRNA signal was monitored periodically and when an intense signal was viisible the reaction was terminated by incubating the membrane in Stop buffer (0.01 M Tris-HC1/0.01 M EDTA/(9% NaCl pH 7.4). Enhancement of the intensity of an mRNA signal may be obtained by extending the colour development time. Providing that incubation and colour development times are standardized and saturating concentrations of probe are used, mRNA signals may be quantified (4) using standard gel scanners. Membranes may then be photographed either wet or dry. Membranes should be stored out of direct light to avoid gradual fading of the signal. Figure 1 shows the presence of calbindin mRNA in human cerebellum. The single band corresponds to an mRNA of approximately 1.9 kb which is in good agreement with the size predicted from the human cDNA sequence (2) . The clarity of the band indicates that full length undegraded transcripts may be visualized using this technique.
In conclusion, this method of Northern blot analysis demonstrates the selectivity and versatility of the use of APlabelled oligonucleotides for detecting mRNAs on membranes. The use of these AP-labelled probes should enable Northern blot analysis to be carried out without the need for radioisotopes.
